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Description 
EXPANDABLE BORE INJECTION NEEDLE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention is drawn generally to surgical de- 
vices, and, more specifically, to improved surgical devices 
for implanting or delivering a substance or object into the 
body of a patient. 

[0003] 2. Background Art 

[0004] | n the medical field there are numerous instruments 

specifically designed to penetrate bodily tissue so as to 
provide access to vessels, internal body cavities or organs. 
More specifically, an initial and primary activity during the 
performance of surgery is the creation of an access open- 
ing into the body at a predetermined surgical site. 

[0005] | n the past, such access openings were formed by the cre- 
ation of a substantially large incision through the body 
wall or outer tissue, wherein the size of the incision would 
depend on the type of surgery, and accordingly, the sur- 


gical instruments involved. On completion of the surgical 
procedure, the large incision would be closed using con- 
ventional techniques. However, due to the traumatic na- 
ture of such open surgical procedures, the period of time 
required of the patient to completely heal was significant. 
In addition, the pain or discomfort during such recupera- 
tive period was a serious problem. Additionally, the psy- 
chological trauma and fearful anticipation caused by such 
surgery is, to some degree, proportional to the size of the 
incision made. The larger the incision, the greater the pa- 
tient's fear of that incision, and thus the less chance the 
patient will be accepting of such a procedure. 
[0006] Because of the above noted disadvantages, attempts have 
been made which were specifically directed towards new 
surgical procedures as well as instruments utilized in the 
support of such procedures. Currently, a popular alterna- 
tive to open surgery is known as laparoscopic and/or en- 
doscopic surgery, wherein a number of small openings, 
utilizing appropriate penetrating instruments, are formed 
to provide access into intended body cavities. Unlike the 
large incision required during open surgery, the much 
smaller access openings facilitate healing following the 
surgical and, as expected, result in significantly less dis- 


comfort to the patient. This is sometimes referred to as 
"keyhole" surgery. 

[0007] jo facilitate implantation of a substance or object, any 

number of instruments may be utilized to create the small 
openings into the body. One type of instrument is a tro- 
car/cannula, which comprises a trocar or puncturing tip, 
and a cannula or tube. The trocar is placed into contact 
with an area of the skin to which access is desired and 
pushed through the skin until it has been breached, and 
the tip is present inside the body. Thereafter, the cannula 
acts like a conduit, offering access to the underlying tis- 
sue/cavity for the cannula, medical instruments, fluids, 
implanted devices and the like. 

[0008] Typical trocar/cannula devices may be used in a variety of 
different ways to implement surgical techniques, including 
providing vascular access, or site-specific access to par- 
ticular body localities. In use, generally, the trocar/can- 
nula is inserted into the body at a predetermined position, 
and then, depending upon the nature of the trocar/can- 
nula device, and upon the intended surgical operation, the 
trocar/cannula may be left in position as a conduit, or 
may be used to facilitate the insertion of a surgical im- 
plant. Alternatively, the trocar/cannula is put into the in- 


tended position and is expanded to facilitate the insertion 
of a surgical implant. The teachings of the present inven- 
tion can be applied to this later expandable diameter tro- 
car/cannula use. 

[0009] Typical trocar/cannula devices, however, have significant 
drawbacks. In order to create sufficient clearance for 
some applications, such as, for example, instrument in- 
sertion or viscous fluid delivery, a significantly large 
puncture wound to allow access. In order to create a 
puncture of sufficient size, conventional trocars and can- 
nulas had diameters of increasing sizes. With these larger 
diameters come a number of drawbacks, including re- 
duced patient acceptance, longer healing times, and sur- 
gically related dangers such as bleeding and infection. 

[0010] it is therefore an object of the present invention to pro- 
vide a surgical device that has improved patient accep- 
tance relative to its insertion. 

[° 01 1 ] It is a further object of this invention to provide a surgical 
device that reduces unwanted side effects from its inser- 
tion, including reducing wound size, healing times, and 
trauma related dangers such as infection. 

[0012] These and other objects will become apparent to one of 
ordinary skill in the art in light of the specification, draw- 


ings, and claims appended hereto. 
Summary of Invention 

[0013] The present invention comprises several embodiments of 
an expandable bore trocar. The expandable bore trocar 
can comprise a fluid-delivery conduit, making the trocar 
an expandable needle, or merely act as a trocar/cannula 
combination for facilitating the insertion of a substance or 
medical implant. In either case, the present invention di- 
minishes the size of the puncture wound of a patient 
when using a trocar, while still allowing large-diameter 
fluid flow, such as viscous fluid flow, and large object or 
instrument insertion. After removal of the present inven- 
tion from a patient, the size of the remnant wound, as 
well as the healing time required for that wound, are both 
diminished relative to prior art devices. 

[0014] a composite needle structure according to the following 
description has a composite wall forming a trocar shaft, 
which has at least two rigid elements and a flexible mate- 
rial therebetween. The composite wall helps to at least 
partially define a trocar bore having a diameter, and a 
puncture tip. During operation, the composite wall is ca- 
pable of flexing outward so as to increase the diameter of 
the trocar bore, and thus to increase the diameter of ob- 


jects/fluid that can be inserted therein, while decreasing 
the impact of the puncture wound from the device after 
removal. 

[0015] Another preferred embodiment of the present invention is 
an expandable bore trocar/cannula that includes an ex- 
pandable cannula body having an interior, a trocar tip as- 
sociated with the cannula body to facilitate the insertion 
thereof into a patient, and a medical implant for insertion 
into the interior of the expandable cannula body. To facil- 
itate the insertion of the medical implant, the cannula 
body should be capable of flexing radially outward so as 
to increase or decrease the diameter of the cannula body. 
The cannula body could take on a number of different 
shapes, including an expandable spring, an expandable 

ribbon spring, a rolled cannula, and a rotating cannula. 
Brief Description of Drawings 

[0016] pig. 1 comprises a side view of an expandable needle ac- 
cording to the present invention; 

[0017] pig. 1A comprises a cross sectional view of the expand- 
able needle at Plane A; 

[0018] Fig. IB comprises a cross sectional view of the expandable 
needle at Plane B; 

[0019] Fig. 1C comprises a cross sectional view of the expand- 


able needle at Plane C; 

[0020] pig. 2 comprises a side view of a split-splined expandable 
trocar/cannula according to the present invention; 

[0021] pig. 2A comprises a cross sectional view of the split- 
splined trocar cannula at Plane A; 

[0022] Fig. 2B comprises a cross sectional view of the split- 
splined trocar cannula at Plane B; 

[0023] Fig. 2C comprises a cross sectional view of the split- 
splined trocar cannula at Plane C; 

[0024] Fig. 3 comprises a perspective view of a deliver apparatus 
that includes a split-splined cannula; 

[0025] Fig. 4 comprises a longitudinal cross sectional view of a 
spring cannula; 

[0026] Fig. 5 comprises a longitudinal cross sectional view of a 

ribbon spring cannula; 
[0027] Fig. 6 comprises a lateral cross sectional view of a rolled 

cannula; and 

[0028] Figs. 7A-7D comprise different side operational views of a 

rotating cannula. 
Detailed Description 

[0029] while this invention is susceptible of embodiment in many 
different forms, there is shown in the drawings and will be 
described in detail, specific embodiments with the under- 


standing that the present disclosure is to be considered as 
an exemplification of the principles of the invention and is 
not intended to limit the invention to the embodiments il- 
lustrated. 

[0030] The following specification and claims utilize the termi- 
nology "surgical implant" and "medical implant" to de- 
scribe a variety of devices that are inserted into a body 
cavity through a cannula. Such devices could include 
medical instruments, surgical tubes, fluid conduits, and 
the like. In view of the need for brevity, consistency, and 
clarity, however, the following specification and claims will 
maintain the use of the terms "surgical implant" and/or 
"medical implant" throughout, while simultaneously incor- 
porating all of the above possibilities, as well as their 
equivalents. 

[0031] | n one preferred embodiment, the teachings of the 

present invention can be incorporated into a trocar/can- 
nula that is used as a conduit for surgical operations. In 
this embodiment, shown in Fig. 1, liquid delivery expand- 
able trocar 10 comprises composite needle 12 having 
proximal end 14 fluidically coupled to fitting 32 at fitting 
junction 34, so as to allow fluids/instruments to be in- 
serted into composite needle 12 through insertion recess 


36 in fitting 32. Composite needle 12 comprises compos- 
ite wall 18 having splines 20 running the length of com- 
posite needle 12, from proximal end 14 to distal end 16, 
and flex material 26 connecting splines 20 together, giv- 
ing a substantially cylindrical, but tapered shape to com- 
posite needle 12. To form the tapered shape, composite 
needle 12 additionally comprises interior diameter 28, 
which narrows from proximal end 14, toward distal end 
16, culminating at puncture tip 30. 

[0032] splines 20 of composite wall generally comprise long, 

wire-like cylinders having shaft 22 portions, and tapered 
ends 24. Splines 20 are preferably constructed from rigid 
materials, such as plastics, ceramics, metals, and com- 
posites thereof. These materials give splines 20 a rigid or 
semi-rigid structure so that splines 20 exhibit sufficient 
longitudinal strength (from distal end 16 to proximal end 
14 of needle 12) to withstand the force required to punc- 
ture the tissue of a patient. In order to further facilitate 
such an operation, tapered ends 24 of splines 20 (located 
at distal end 16 of needle 12) join together into a single 
peak to help form puncture tip 30. 

[0033] Splines 20 are joined together using flex material 26. 

Splines 20 may be connected by individual sheets of flex 


material 26, forming a repeated wall structure of splines 
20 and then flex material 26, repeated around the cir- 
cumference of composite wall 18. Alternatively, splines 20 
could be incorporated into a single, tapered cylinder of 
flex material 26, with each spline 20 being at least par- 
tially embedded into flex material 26. Either way, splines 
20 and flex material 26 together form composite wall 18 
of needle 12. Flex material 26 is capable of resiliently ex- 
panding the distance between splines 20, while maintain- 
ing the structural integrity of composite wall 18. In order 
to do so, flex material 26 should be constructed from a 
flexible, resilient, and biocompatible material, such as a 
natural or synthetic elastic material such as silicon, rub- 
ber, elastomeric neoprene, latex, elastomeric plastics etc. 
[0034] Composite needle 12 is shown in cross-section in Figs. 

1A, IB, and 1C, wherein the specific cross sections corre- 
spond to the planes marked as A, B, and C, respectively, 
in Fig. 1. Plane A is located near distal end 16, Plane B 
near central portion 15 of the needle 12, and Plane C near 
proximal end 14. As can be seen in those cross sectional 
portions, splines 20 are spaced intermittently within com- 
posite wall 18. In a preferred embodiment, composite 
needle 12 includes four or more splines 20 to provide 


longitudinal rigidity to composite needle 12. Depending 
upon the size and configuration of splines 20, as few as 
one or as many as hundreds of splines 20 may be incor- 
porated into composite wall 18, as long as sufficient 
rigidity is imparted to composite needle 12 for insertion 
of needle 12 into a patient. 

[0035] | n jts relaxed position, and as shown in progression from 
Figs. 1A to 1C, interior diameter 28 of composite needle 
12 increases from distal end 16 to proximal end 14. By 
having an interior diameter 28 as small as possible at dis- 
tal end 16 of composite needle 12, the puncture wound 
caused by and general profile of the composite needle 12 
is smaller than conventional, high-capacity needle bores, 
which, in turn, increases patient acceptance of needle in- 
sertion, and decreasing the damage caused thereby. 

[0036] The composite needle 12 structure is coupled with fitting 
32 at fitting junction 34 to create a unitary structure. Fit- 
ting 32 provides a gripping structure for facilitating the 
insertion of expandable trocar 10 into a patient, as well as 
providing an access point for coupling external devices 
such as a syringe to expandable trocar 10. Fitting 32 
comprises any number of known conventional fitting 
structures, such as the Luer ®Fitting. 


[0037] Once assembled, expandable trocar 10 may be used in a 
variety of surgical techniques. In operation, a desired lo- 
cation for insertion of trocar 10 is selected, and an opera- 
tor, handling trocar 10 by fitting 32, places puncture tip 
30 into contact with the treatment area, and, by applying 
pressure, inserts trocar 10 into the selected location. The 
longitudinal strength provided by splines 20 to composite 
needle 12, as well as the sharp point provided by tapered 
ends 24, allow for easy insertion of trocar 10, with a mini- 
mal puncture footprint. Once inserted, an external device, 
such as a syringe, can be coupled to insertion recess 36 of 
fitting 32, and used to inject a fluid, for example, into 
composite needle 12. Depending upon several factors, in- 
cluding the viscosity of the injected fluid, the volumetric 
flow rate of injection, composite wall 18 of composite 
needle 12 can flex outward, increasing interior diameter 
28 so as to accommodate the incoming fluid for delivery. 
The amount of flex exhibited by composite wall 18 will be 
proportional to the force applied to delivery the fluid. As 
composite wall 18 flexes outward and increases interior 
diameter 28, the puncture footprint created in the pa- 
tient's tissue also increases. 

[0038] After delivery of the fluid is completed, composite wall 18 


will retract back to its original shape, and trocar 10 can be 
removed. As skin, by its nature, is resilient and elastic, the 
size of the puncture wound will retract back to its original, 
smaller footprint, easing patient recovery and minimizing 
damage to the tissue. 

[0039] one related benefit to the expandable nature of the com- 
posite wall 18 of expandable trocar is in the delivery of 
extremely viscous fluids. As the viscosity of a fluid in- 
creases, the amount of force required to deliver that same 
fluid, through the same bore diameter, increases. In fact, 
for very viscous fluids, so much force may be required 
that delivery of the fluid by conventional hand means (i.e. 
fluid bulbs or syringes) may no longer be possible. In or- 
der to decrease the force required, therefore, the viscosity 
of the fluid must be increased, or the diameter of the in- 
jection bore increased. The present invention allows the 
delivery of a variety of fluids of differing viscosities, while 
still allowing for a small puncture footprint and the use of 
conventional, syringe-type delivery methods. 

[0040] | n some cases, it may be desirable to utilize splines 20 

that do not, by themselves, have the longitudinal strength 
to facilitate insertion of trocar 10 into a patient. For ex- 
ample, in the delivery of extremely viscous fluids to a pa- 


tient, a significant degree of flex may be required from 
composite wall 18 to accommodate the delivery, necessi- 
tating the use of less rigid splines 20. Alternatively, ex- 
pandable trocar 10 could comprise a structure made en- 
tirely of flex material 26. In such cases, it is preferred to 
include stylet 38 (shown in Fig. 1) at the center of com- 
posite needle 12 to help facilitate insertion. Stylet 38 
comprises a solid trocar device having a small puncture 
footprint. Typically, stylet 38 is formed from a rigid mate- 
rial, and has a puncture tip, a cylindrical shaft, and a flat, 
broad head to facilitate removal. 

[0041] when expandable trocar 10 is utilized with stylet 38, the 
operation of the device is slightly altered. In such an em- 
bodiment, stylet 38 is placed into the center of composite 
needle 12, and expandable trocar 10 is inserted as de- 
scribed above. After insertion, stylet 38 is removed, leav- 
ing the flexible walls of composite wall 18 within the 
puncture footprint to facilitate the delivery of fluids and/ 
or surgical or medical implant thereto. Once done with the 
particular procedure, expandable trocar 10 is removed. 

[0042] The above-described device combines both the functions 
of creating an access point for the implanting physician, 
and providing a conduit for surgical implantation. In some 


surgical situations, however, it is preferred to utilize a 
medical implant for the surgical operations. Highly spe- 
cialized implants, as well as cheaper implant alternatives 
to the expandable trocar 10 described above, can both 
provide beneficial surgical alternatives. 

[0043] a second possible embodiment of the present invention is 
shown in Fig. 2. In this embodiment, an expandable metal 
cannula 40 may be utilized to create a small footprint 
puncture wound in a patient, and then to facilitate the in- 
sertion of a medical implant having a larger diameter into 
the wound for continued surgical use. Expandable metal 
cannula 40 is shown in one preferred embodiment in Fig. 
2 as having puncture tip 42, shaft 44, and retraction head 
50. Expandable metal cannula 40 with this design can be 
manufactured from a single, rigid material, if desired, al- 
though composite materials could operate similarly. For 
example, cannula 40 can be manufactured from stainless 
steel, stainless steel alloys, titanium, titanium alloys, or 
nickel-titanium alloys. Expandable metal cannula 40, as 
with expandable trocar 10 described above, has a tapered 
shape such that inside diameter 52 of cannula 40 de- 
creases from retraction head 50 to puncture tip 42. 

[0044] shaft 44 of cannula 40 comprises split splines 46 with 


separation 48 between each spline 46. Preferably, shaft 44 
has four splines 46, but could similarly operate with as 
little as two splines 46, and as many as hundreds. Separa- 
tions 48 allow for splines 46 to be expanded outwards af- 
ter insertion, increasing inside diameter 52 of cannula 40 
from puncture tip 42 back as far as separation 48 ex- 
tends. The material selected for cannula 40, of course, 
dictates the degree of expansion that is possible. 
[0045] Expandable cannula 40 is shown in cross section in Figs. 
2A, 2B and 2C, which correspond to the cross-sectional 
planes designated in Fig. 2 as A, B and C, respectively. As 
can be seen, split splines 46 are preferably spaced evenly 
around the circumference of expanded cannula 40. The 
even spacing ensures that the force exerted upon sur- 
rounding tissues upon outward expansion of split splines 
46 is approximately equal in all directions. Although such 
a configuration is preferred, it is possible to have a simi- 
larly effective device without the equal force distribution. 
For example, split splines 46 could each have a differing 
arc length such that one side or one spline was larger 
than the other remaining splines. Alternatively, only cer- 
tain splines could be flexible, with, for example, a pair of 
opposing splines being flexible, with the alternating pair 


of splines being inflexible. In any case, and as with the 
expandable trocar, inside diameter 52 increases in size 
from puncture tip 42 to retraction head 50 when expand- 
able cannula 40 is in a relaxed position. 

[0046] Retraction head 50 comprises a substantially circular rigid 
piece of material, preferably made of the same material as 
shaft 44. Retraction head 50 additionally includes bore 51 
(not shown) there through to enable the insertion of med- 
ical implant 54 into the interior portion of the cannula 40. 

[0047] | n operation, expandable cannula 40 can be utilized to ef- 
fectively deliver medical implant 54 (shown in Figs. 
3C-3F). In order to do so, expandable cannula 40 is 
preferably associated with delivery apparatus 56 for facili- 
tating the insertion of both expandable cannula 40, as 
well as medical implant 54, and removal of cannula 40, all 
while maintaining an optical shield from the patient. 

[0048] Delivery apparatus 56, shown in Fig. 3, includes delivery 
shell 58, which incorporates withdrawal mechanism 66 
therein. Delivery shell 58 comprises body 60, having 
channel 62 therein for withdrawal mechanism 66 
(discussed below), and nose 64. Body 60 comprises a 
substantially cylindrical structure that is open from the 
top, and comprises the main gripping and support portion 


of delivery apparatus 56. Body 60 is constructed, there- 
fore, from rigid type materials such as plastics, compos- 
ites, metals, and the like. Body 60 includes an aperture in 
its bottom portion, which is associated with nose 64. 
[0049] N 0se 64 comprises a narrower cylindrical structure than 
body 60, and preferably comprises a tunnel-like structure 
approximating a diameter just larger than expandable 
cannula 40. Nose 64 provides a guide for the directed in- 
sertion of expandable cannula 40, as well as providing a 
visual shield during the insertion. Additionally, as retrac- 
tion head 50 of expandable cannula 40 is integrated into 
withdrawal mechanism 66, as will be explained further 
below, the narrowing of the interior diameter from body 
60 to nose 64 provides a depth stop for the insertion dis- 
tance of expandable cannula 40. Generally, nose 64 is 
constructed from the same or similar materials as body 
60. 

[0050] Withdrawal mechanism 66 comprises central portion 67 
having head recess 68, and handles 69 extending from 
either side of central portion 67. Head recess 68 accom- 
modates the insertion of retraction head 50 of expandable 
cannula 40 so that, during use, withdrawal mechanism 66 
can facilitate the retraction of cannula 40 from the pa- 


tient. Withdrawal mechanism 66 additionally includes cen- 
ter hole 70 for the insertion of medical implant 54, and 
eventually for insertion of plunger 72. Center hole 70 
lines substantially up with bore 51 of retraction head 50 
to enable insertion of medical implant 54 all the way 
through into expandable cannula 40. 
[0051] Handles 69 of withdrawal mechanism 66 are aligned 

within channel 62 of base 60 to enable the vertical move- 
ment of withdrawal mechanism 66. Handles 69 therefore 
are constructed from a rigid or semi-rigid material so as 
to enable the easy manipulation of withdrawal mechanism 
66. 

[0052] | n operation, delivery apparatus 56 is assembled by in- 
serting expandable cannula 40 into nose 64 of delivery 
shell 58, and associating retraction head 50 with head re- 
cess 68 of withdrawal mechanism 66. Handles 69 of with- 
drawal mechanism 66 are pushed all the way down in 
channel 62, allowing puncture tip 42 of cannula 40 to ex- 
tend to its maximum distance out of nose 64. With can- 
nula 40 fully extended, delivery apparatus 56 is placed 
into contact with a desired area of application on a pa- 
tient, and pressed down to insert cannula 40 into the pa- 
tient's tissue. 


[0053] Once cannula 40 is inserted its maximum distance, medi- 
cal implant 54 is inserted into center hole of withdrawal 
mechanism, through bore and into the interior portion of 
expandable cannula. Implant 54 is pushed into and 
through bore using plunger 70, by providing downward 
force using plunger head 72. Generally, medical implant 
has a greater interior diameter than expandable cannula 
so that, after insertion, split splines 46 of cannula 40 ex- 
pand outward to accommodate the increased diameter of 
medical implant 54. As split splines 46 expand outward, 
they in turn increase the diameter of the puncture through 
the patient's skin, stretching the skin outwards to accom- 
modate the diameter of medical implant 54. 

[0054] After insertion of medical implant 54 is complete, with- 
drawal mechanism 66 is pulled away from the patient's 
skin using handles 68, keeping nose 64 in contact with 
the tissue as a visual shield. Throughout the withdrawal 
process, plunger head 72 is kept in its inserted position to 
maintain medical implant 54 within the skin. As with- 
drawal mechanism 66 is pulled back, retraction head 50 
of expandable cannula 40 is also pulled back, retracting 
cannula 40 from the patient's skin. Because split splines 
46 are flexible, medical implant 54 is maintained in its in- 


serted position while cannula 40 is retracted around im- 
plant 54 and away from the body. Thereafter, the entire 
delivery apparatus 56 can be removed, leaving the in- 
serted implant 54 in place. 

[0055] The above descriptions have been based on a single type 
of expandable cannula 40. There are, however, a number 
of different structures that could similarly be used to ac- 
complish the same or similar results described above, that 
is a small puncture footprint that can be expanded to ac- 
commodate a larger-diameter medical implant. These al- 
ternative structures could comprise, for example, an ex- 
pandable spring structure, a ribbon spring structure, a 
rolled cannula, or a rotating cannula embodiment. Each of 
these embodiments will be discussed below. 

[0056] An expandable spring cannula embodiment is shown in 
longitudinal cross section in Fig. 4. Spring cannula 100 is 
shown as comprising spring wire 102 and cannula wall 
104, surrounding trocar 110. Spring wire 102 and cannula 
wall 104 can comprise a composite wall structure, as dis- 
cussed above relative to the expandable trocar/needle 
embodiment. Alternatively, spring wire 102 could be an 
over wire structure, associated only with the external por- 
tion of cannula wall 104, or an under wire structure, asso- 


ciated only with the internal portion of cannula wall 104. 
Spring wire 102 comprises a relatively stiff spring-like 
structure that winds circumferentially and spirally around 
with cannula wall 104. Cannula wall 104 comprises a re- 
silient, flexible and biocompatible material. Together, 
these structures form the present spring cannula 100, 
which has a first end 106 and a second end 108. 

[0057] | n operation, generally, spring cannula 100 with trocar 

110 is inserted into a patient. Once in place, first end 106 
and second end 108 are rotated in opposite directions 
relative to one another, expanding spring wire 102, and, 
in turn, cannula wall. Once spring cannula 100 is ex- 
panded, trocar 110 can be removed, and any type of med- 
ical or surgical implant can be inserted. 

[0058] The ribbon-spring embodiment operates in a similar 
manner, and is shown in Fig. 5, again in longitudinal 
cross-section. Ribbon spring 120 is shown as comprising 
a simple strip of material wound having first end 122 and 
second end 124, wherein the ribbon spring 120 is circum- 
ferentially and spirally around trocar 126. Preferably, rib- 
bon spring 120 is constructed from a rigid to semi-rigid 
material so as to provide longitudinal strength to the can- 
nula. Further, ribbon spring 120 should be constructed 


from a biocompatible material so as to ensure safe and 
prolonged use is possible. 

[0059] | n operation, and as with the spring cannula 100 above, 

ribbon spring 120 and trocar 126 are associated together, 
and inserted into a patient. Once in operative position, 
ribbon spring 120 is rotated at first end 122 and second 
end 124 in opposite directions, expanding ribbon spring 
120 outward, and, in turn, expanding the footprint of the 
puncture made into the skin of the patient. Once ribbon 
spring 120 is in an expanded position, trocar 126 can be 
removed and medical implant inserted, as needed. 

[0060] a related embodiment, the rolled cannula embodiment, is 
shown in Fig. 6. Rolled cannula 130 is shown in lateral 
cross section as having cannula wall 132. As can be seen, 
cannula wall 132 preferably comprises a single sheet of 
material that is wound into a cylinder, with a slight 
amount of overlap near the ends of the sheet of material, 
forming overlap area 134. Cannula wall 132 is formed 
from a rigid to semi-rigid material so as to provide longi- 
tudinal strength as well as providing a consistent and reli- 
able cylindrical structure. Cannula wall 132 encloses cen- 
tral channel 136 into which a trocar can be inserted. 

[0061] | n operation, a trocar is associated with central channel 


136 of cannula wall 132, and then rolled cannula 130 and 
the trocar can be inserted into a patient. Once in place, 
cannula wall 132 can be expanded outward via force or 
through another similar means to, in turn, expand the di- 
ameter of the puncture into the patient. As the diameter is 
expanded, the size of overlap area 134 is decreased. After 
cannula wall 132 has been expanded sufficiently far 
enough, the trocar is removed and a medical implant may 
be inserted. 

[0062] a final, alternative embodiment is shown in Fig. 7A-7D as 
the rotating cannula embodiment 140. Rotating cannula 
embodiment 140 comprises a puncture cannula 142, and 
a rotating cannula 144, both of which include a shaft por- 
tion 146, and a trocar portion 148. As can be seen, shaft 
portion 146 comprises a substantially cylindrical tube for 
the insertion of items into the puncture incision, and tro- 
car portion 148 comprises a longer, narrower section hav- 
ing a puncture tip 150. Trocar portion 148 preferably has 
an arc-like shape that mimics the curvature of shaft por- 
tion 146. Rotating cannula 144 is associated with punc- 
ture cannula 142 so that puncture cannula 144 can rotate 
in a circumferentially related path to either be aligned 
with puncture cannula 142 (shown in Fig. 7A, 7C), or be 


rotated to a non-aligned position (shown in Figs. 7B, 7D). 
Each of these elements is preferably constructed from a 
rigid or semi-rigid material. 

[0063] | n operation, rotating cannula embodiment 140 initially 
has puncture cannula 142 and rotating cannula 144 sub- 
stantially aligned for insertion into a patient. Once in- 
serted into a patient, rotating cannula 144 is rotated away 
from the aligned position into a position where the trocar 
portion 148 of rotating cannula 144 is in a diametrically 
opposed position to puncture cannula 142. As rotating 
cannula 144 is rotated, the diameter of the puncture 
wound in the patient increases, allowing for the insertion 
of a medical implant therein that has a larger diameter 
than the originally created puncture wound. 

[0064] A n y number of other embodiments may also accomplish 
the same functions as described above, as would be 
known by one of ordinary skill in the art. 

[0065] The foregoing description merely explains and illustrates 
the invention and the invention is not limited thereto ex- 
cept insofar as the appended claims are so limited, as 
those skilled in the art that have the disclosure before 
them will be able to make modifications without departing 
from the scope of the invention. 


